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Abstract
A new type high spatial resolution radiation detector based on UV scintillators + UV imaging gas photomultiplier is
presented. The prototype UV detector consists of a 10cm×10cm μPIC, 2 GEMs, a UV transparent window and a CsI
photocathode deposited on the window or the surface of the upper GEM. The eﬀective photo-sensitive area is φ34mm
and the readouts are 400um-pitch strips. A newly developed LuLiF4(Nd) crystal which emits 183nm photons is directly
coupled to the detector as the window. The detector was tested in pulse mode operation with 5.5MeV α particles from
241Am and 122keV γ rays from 57Co. The window images were clearly obtained and the position resolution of o(mm)
is conﬁrmed.
c© 2011 Elsevier BV. Selection and/or peer-review under responsibility of the organizing committee for TIPP 2011.
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1. Introduction
In the last two decades, many gas photomultipliers with CsI photocathodes operated in both ﬂushed
gas mode and sealed gas mode have been developed and tested[1, 2, 3, 4]. Moreover, large area micro
pattern gaseous detectors with avalanche multiplication structures, such as Micromegas[5], GEM[6, 7], and
μPIC[8, 9] have been developed and successfully operated. These devices with photocathodes can realize a
low cost large area photon detector with ﬁne position sensitivity.
The UV imaging detector itself can be applied to material analysis researches and to liquid Ar/Xe scin-
tillators. Furthermore, if combined with UV scintillating crystals, it can be a hard X-ray imaging device
which compensates the low detection eﬃciency of the gas detectors; thus we are developing both CsI based
position sensitive gas photomultipliers and ﬂuoride crystal UV scintillators.
In this paper, ﬁrst, the ﬂuoride crystal VUV scintillators are described. Then, combined with these
crystals, the photon counting performance and the imaging performance of the detector are presented.
2. VUV scintillators
Recently, several studies have been made on ﬂuoride crystal scintillators that emits VUV photons with
rapid decay time[10, 11]. Among them, Nd3+ doped NaF3 was investigated for gas detectors[12]. In [12], as
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Crystal Z density (g/m3) wavelength (nm) decay time (ns)
LaF3(Nd) 53 5.9 173 7
LuLiF4(Nd) 64 6.2 183 12
Table 1. Properties of LuLiF4(Nd) and LaF3(Nd) as scintillators
Fig. 1. Obtained spectrum of 5.5MeV α through the LaF3(Nd)(black) and the LuLiF4(Nd)(red). The R8778 was operated with the gain
of 2.2×106.
the light yields of the LaF3(Nd) was insuﬃcient (and the low detection eﬃciency of the photosensitive gas
detectors), the detector did not detect a clear photo-absorption peak even in a coincidence measurement us-
ing 22Na. It is for this reason that at ﬁrst we developed 8%mol Nd3+ doped LaF3(Nd) crystals and evaluated
them with α particles[13].
In [13], we measured the light yield of 15mm×15mm×15mm LaF3(Nd) crystal with Hamamatsu R8778
PMT. It was found that the yield of the LaF3(Nd) is about 100 photons/5.5MeV α. Next, we have developed
higher UV light yield crystals, LuLiF4(Nd)[11]. The properties of LuLiF4(Nd) and LaF3(Nd) as scintillators
are listed in Table.1.
The light yield of LuLiF4(Nd) was measured and compared with that of LuF3(Nd). The size of the two
crystals is same; 10mm×10mm×5mm. A 3kBq 241Am (5.5MeV α source) was attached directly to one
face(10mm×10mm) of the crystal and the PMT (Hamamatsu R8778) was attached to the opposite face with
Krytox R© VUV transparent grease. Other four sides were covered with GORE-TEXR©.
The obtained light output spectra of the LuLiF4(Nd) and LaF3(Nd) are shown in Figure 1. The results
shows that the light yield of LuLiF4(Nd) is 2.2 times higher than that of LaF3(Nd).
3. Photon Counting Performances
3.1. Set-ups
We have tested two conﬁgurations of photocathode. One is transmissive photocathode and the other is
reﬂective photocathode. The conﬁgurations of the detectors are shown schematically in Figure 2. 2 GEMs
and a μPIC were used for the electron multiplication, which allows to suppress the avalanche-induced photon
and ion feedback and provide the high gain operation.
The GEM which was manufactured by SciEnergy Co., Ltd. is 10cm×10cm size with 70μmφ holes of
140μm pitch[14], and the insulator is Liquid Crystal Polymer of 100μm thick. The μPIC is the standard type
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Fig. 2. Schematic drawings of the detector for photon counting
of 10cm×10cm with 256 anode strips and 256 cathode strips developed at Kyoto University[8]. Although
μPIC has the very ﬁne position sensitivity, for this analog signal measurement in pulse mode operation, the
cathode strips and anode strips were summed into 4+4 channels.
The MgF2 window had 54mmφ and a thickness of 5mm. In the transmissive type detector, the CsI was
deposited on the window (by Hamamatsu Photonics) and the eﬀective area was 34mmφ. In the reﬂective
type detector, the CsI was deposited on the surface of the upper Cu electrode of the upper GEM after it was
plated with Ni(2μm) and Au(0.2μm). In order to apply high voltage (-HV) to the photocathode an Al layer
was also evaporated at the 10mm edge of the MgF2 window. The -HV is supplied to the Al electrode via
contact 1mm thick Cu ring. Between the photocathode and the ﬁrst GEM, a guard ring is placed in order to
make a uniform electric ﬁeld and to drift photoelectrons to the ﬁrst GEM.
These devices were put in a stainless steal chamber with a gas/vacuum port. 1 atm of Ar+10%C2H6
mixture gas was loaded and the chamber was sealed during this measurement. All the components given
above were assembled in a nitrogen-sealed glove box to avoid the deliquescence of the CsI photocathode.
3.2. Response with the crystals
The crystals were attached to theMgF2 windowwith Krytox R© and irradiated by 5.5MeV α particles from
241Am. The transmissive and the reﬂective detectors were operated correspondingly at a gain of 2.6×105 and
1.0×105. Their operation was stable, with no discharge during more than one hour. The drift ﬁeld was set
at 0.3kV/cm and induction ﬁeld was ﬁxed at 1kV/cm. Each 64 strips of μPIC were summed and ampliﬁed
(0.1V/pC).
The obtained spectra through the 15mm×15mm×15mm LaF3(Nd) + both detectors are shown in Figure
3. The spectrum through the 15mm×15mm×15mm LuLiF4(Nd) + reﬂective detector is shown in Figure 4.
In Figure 3 and 4, the horizontal axes are converted from the pulse height to the number of photoelec-
trons by the gas gains and the charge ampliﬁer gain. As the light intensity of the LaF3(Nd) is about 100
photons and that of LuLiF4(Nd) is about 220 photons, these ﬁgures show that the quantum eﬃciency of the
transmissive CsI photocathode is ≤1% and that of reﬂective CsI photocathode is ∼3%. The results also leads
us to the fact that these detectors have sensitivity to single photoelectron.
4. Imaging Performances
4.1. Set-up
The most important feature of MPGD based gas photomultipliers is the ﬁne position sensitivity. In
order to increase the position sensitivity, instead of the MgF2 window used in the previous tests, we directly
coupled the UV crystal to the detector as the scintillating window. The LuLiF4(Nd) window is shown in
Figure5. Its diameter is 54mm and the thickness is 5mm. The CsI was deposited on the central eﬀective
area of 34mmφ.
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Fig. 3. Left: 5.5MeV α spectrum with LaF3(Nd) crystal + transmissive detector Right: 5.5MeV α spectrum with LaF3(Nd) crystal +
reﬂective detector
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Fig. 4. 5.5MeV α spectrum with LuLiF4(Nd) crystal + reﬂective detector
The setup for this purpose is also shown in Figure 5. In the same way as shown in Figure 2, 2 GEMs and
a μPIC were used, however the thickness of the lower GEM was 50μ, which provides more stable operation
[15]. The detector was operated at a total gas gain of 6.7× 105. The drift ﬁeld was set at 0.5kV/cm and
induction ﬁeld was ﬁxed at 2.95kV/cm.
The imaging capability of the detector was tested using μPIC readout system [16]. The output charges of
256 + 256 channels of μPIC are pre-ampliﬁed (0.7 V/pC) and shaped (with the gain of 7) and discriminated
via ASD chips (4 channels/chip, SONY CXA3653Q). The reference threshold voltage (0 − 100mV) is
commonly supplied to all the ASD chips, then all discriminated digital signals are sent to the position
encoding module based on FPGAs with an internal clock of 100 MHz. Finally, the anode and cathode
coincident positions (x,y) are reconstructed in the memory module.
4.2. Response to the point source
For the evaluation of the position sensitivity, 5.5MeV α particles (2.6MBq 241Am) were irradiated
through a φ2.5 mm hole to the center of the window and to 3.5mm oﬀ-center. The obtained images are
shown in Figure6.
By ﬁtting Gaussian, the peak position of the center irradiation is reconstructed at x = 50.9 mm (σ = 3.4
mm) and that of oﬀ-center irradiation is reconstructed at x = 54.3 mm (σ = 3.4 mm). The 3.5mm diﬀerence
is clearly reconstructed, therefore it is reasonable to conclude that this device has position resolution of
o(mm) at least.
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Fig. 5. Left: The CsI deposited LuliF4(Nd) window Right: Schematic drawing of the transmissive detector for imgaing
4.3. γ ray imaging
Then, in order to check the sensitivity to X/γ rays which is the target of this development, 122 keV γ
rays from 100kBq 57Co were irradiated to the scintillating window.
As shown in Figure 7, the eﬀective photocathode area φ 34mm is clearly reconstructed and the perfor-
mance of this imaging device for γ rays is well demonstrated.
5. Conclusions
A new VUV gas photomultiplier based on CsI photocathode with GEMs and μPIC has been developed.
Although the quantum eﬃciency of the CsI photocathodes are still limited, the detector showed good single
photoelectron sensitivity. Furthermore, using μ-PIC readout system, the detector was tested as imaging gas
photomultiplier and the detector demonstrated the ﬁne position sensitivity.
In this measurement, newly developed LuLiF4(Nd) scintillators were used as the window of the detector.
Combination of such ﬂuoride VUV scintillators and imaging gas photomultipliers can be novel radiation
imaging detectors which compensate the low detection eﬃciency of the gas detectors.
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Fig. 6. φ2.5mm α particle images and their x-projections. Left: center irradiation. Right: 3.5 mm oﬀ-center irradiation.
Fig. 7. The obtained window images with 122keV γ rays. The size of the 57Co checking source is φ 5mm. At the edge of the
photocathode, there seems to be insensitive region due to the poor photocathode formation. Outer this insensitive region, the Cu ring
cathode image is seen.
